In commonly used procedures for colorimetric assay of orotic acid in biological materials, certain substances interfere, positively or negatively. Some that Interfere negatively are ornithine, cysteine, citrulline, tyrosine, proline, hydroxyproline, and polyamines. Protein and interfering agents are easily removed by first isolating the total organic acid fraction. The orotic acid in this fraction can then be determined by an established colonmetric procedure.A rapidliquid-liquid column-chromatographic procedure is described, if analysis of both dihydroorotic and orotic acid is required.
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Many commonly used colorimetric procedures
(1- 4) for determination of orotic acid (1,2,3,6-tetrahydro-2,6-dioxo-4-pyrimidine-carboxylic acid) involve a series of chemical reactions after protein has been removed from the sample to be analyzed. Oroticacid isbrominated to dibromobarbituric acid, excessbromine removed, and the product reduced to barbituric acid, which is then condensed with dimethylaminobenzaldehyde to form 5-(p-dimethylaminobenzylidene)-barb ituricacid (2) . This colored product isextracted into an immiscible solvent and its absorbance determined.
The importance of the proteinprecipitation technique, pH control, bromination procedure, reducing agents, and interfering materials in complex physiological solutions has been frequently discussed. Rogers and Porter (3) reported that when the concentration of orotic acid in urine was less than 0.2 g/liter, significant error was introduced by interfering urinary substances. Various physiological materials reportedly yield positive interference (i.e., artifactually increased color) at the wavelength used to measure the product.
We find that several amino acids and amines can cause a negative interference, that is, decrease the color yield, if they are present during the entire analytical procedure.
We describehere a simple extraction procedure that is usefulfor simultaneouslydeproteinizing the sample and removing positively and negatively interfering substances. A rapid chromatographic procedure by which orotic and dihydroorotic acid can be simultaneously determined is also described.
Materials and Methods

Deproteinization and Extraction of Orotic Acid
In thisprocedure,all weak carboxylic acids are extracted from the sample by the micro-method of Kesner et al. (5) . Proteins, amino acids, polyamines, salts, and most charged substances are not extracted under these conditions, and thus cannot interfere with the colorimetric determination performed on the extract.
To 200 l of an aqueous sample containing 0 to 200 nmol of orotic acid, add 10 jl of dilute sulfuric acid (3 mol/liter). The resulting pH should be <2. Add 0.5 g of dry silica gel(Woelm, 70-230 mesh; ICN Pharmaceuticals, Cleveland, Ohio 44128) and mix with a glass rod until the mixture is free flowing. Transfer the powder to a 5 X 150 mm extraction column (tulip column No. 120833; Radnoti Glass Inc.,Arcadia, Calif.91006) fittedwith a medium-porosity fritted disk.Allorganicacids, includingoroticacid,arethen elutedintoa calibrated testtube by passingthe chloroform-t-amyl alcohol (1:1 by vol)extracting solvent through the column. After 5 ml is collected, the extract is transferred to a small beaker, evaporated in a fume hood, and the residue treated according to a modification of the coloriinetric orotic acid procedure (2) .
Frozen tissueissimilarly analyzed.About 200 mg of tissueand 50 jl of 3 mol/liter sulfuricacid are ground in a mortar with about 0.5g of dry silica gel. When the mixture isfreeflowing, itispoured intoan extraction column and treatedas described.
Colorimetric Procedure for Orotic Acid
To the driedresidueadd 2.5ml ofwater and 2.0ml of sodium citrate buffer(pH 2.1,0.4mol/liter). Add 0.5 ml of saturatedbromine water. After 5 mm add 1.0ml ofascorbicacid(50g/liter) and 5 mm lateradd 2 ml of a solution(25 g/liter) of p-dimethylaminobenzaldehyde in n-propanol.The reactionisallowed to proceed for10 more mm at 37 #{176}C. The colored derivative is then extracted with 4.0 ml of butylacetate and its absorbance is measured at 458 nm.
Partition Column-Chromatographic Determination of Orotic and Dihydroorotic Acid
With an established procedureforcolumn-chromatographicanalysis fororganicacids(6,7),oroticacid and dihydroorotic acid can be determined. Orotic acid appears as a peak between a-ketoglutaric acid and cis-aconitic acids, and dihydroorotic acid appears very close to malic acid. Orotic acid can be easily identified because it absorbs at 280 nm.
If a mixture containing only orotic and dihydroorotic acid is to be analyzed, the following conditions can be used, which give a much faster analysis. Pack a 160 mm column of hydrated silica gel into a 5 X 200 mm glass column (6, 7) . Generate a linear gradient by using only the first two chambers of the Varigrad, 90 ml of chloroform in chamber 1 and an equal weight of chloroforrn-t-amyl alcohol (1:1 by vol) in chamber 2. Pump the solvent through the column at 100 ml/h, the indicator at 20 mi/h. The entire procedure, including column preparation, takes about 1.5 h. Preliminary extraction of the sample is not required before chromatography because the acidified sample is taken up in dry silica gel and applied directly to the top of the column (6, 7).
Ceric Sulfate Oxidation of Malic Acid
If malic acid is present, it elutes from the column very near to dihydroorotic acid, making quantitation difficult. Malic acid may be selectively removed from the mixture by oxidation with ceric sulfate.
To the dried residue in a small beaker add 300 l of 0.1 mol/liter sulfuric acid and 10 mg of solid ceric sulfate. The mixture is stirred for 30 mm at room tem- Table 1 lists those compounds that partially inhibit color development of orotic acid. Interference was measured by adding 10 and 100 mo1 of inhibitor to 0.17mol of oroticacid.The solutions containing oroticacid,inhibitor, and citric acidbufferwere adjusted to pH 2.1-2.3 before bromine water was added.
In agreement with previous reports we have also noted extensive production of interfering color by histidine, tryptophan, and histamine. Substances that produced neither positive nor negative interference in 100-ljmol amounts were: alanine, a-aminoadipic acid, 7-aminobutyric acid, e-amino-N-caproic acid, 2-amino-isobutyric acid, arginine, aspartic acid, a-methylaspartic acid, asparagine, cystine, glutamic acid, glutamine, glycylglycine, leucine, isoleucine, phenylalanine, serine, threonine, valine, norvaline, acetone, a-ketogiutaric acid, and urea. Table 2 shows data on the recovery of orotic acid with and without preliminary extraction according to the procedure for total organic acids. With the extraction, recovery of orotic acid is excellent, both in the presence and absence of ornithine. Other amines and amino acids tested for interfere#{252}ce were also excluded by the selective extraction technique. Figure 1 illustrates a typical pattern for the separation of orotic and dihydroorotic acid by the rapid automated technique for organic acids. Orotic acid, which absorbs at 280 nm, comes off the column before dihydroorotic acid.
Discussion
The pyrimidine precursor, orotic acid, is present in abnormally high concentration in urine and tissues under a variety of pathological and experimental conditions. It is increased as a result of certain inborn errors of metabolism, during cancer chemotherapy with pyrimidine antagonists (10) and in ammonia intoxication (9) . Metabolic studies involving the interrelationship between pyrimidines, urea and polyainine synthesis frequently require analysis of orotic and dihydroorotic acids (11) (12) (13) . Stajner et al. (4) reported that the following substances yielded falsely increased values: 4-aminoantipyrine, antipyrine, amidopyrine, indole derivatives, f-naphthylamine, barbituric acid, thiobarbituric acid, and tryptophan.
Tsuji Various interfering agents or potentially interfering agents, the nature of which may vary markedly, are often present in biological samples. Positive interference results from substances that are themselves colored or react to produce a colored, extractable product. Negative interference results from reaction of the interfering agent with either orotic acid itself or any of the intermediates produced in the course of the colorimetric procedure, or reaction with the reagents used to produce the derivative, thus lowering their effective concentrations enough that orotic acid is not completely converted to barbituric acid.
The nature of the inhibition caused by ornithine was briefly examined. Ornithine was added at various stages of the colorimetric procedure to a mixture containing [U-'4C]-orotic acid. Anion-exchange chromaduced its inhibiting effect by reacting with orotic acid to produce a new chemicalspecies, but only ifitwas presentduring the first stepof the procedure-it did not reactwith any ofthe intermediates.
The selective extraction procedure we describe providesa convenient means for removing protein, along with many interfering substances.The automated silica gel chromatography procedure for underivatized oroticand dihydroorotic acidrequiresno preliminaryextraction, and appropriatevolumes of sample can be added directly to the top of the column.
Ifmany other metabolicacids,such as the Krebs cycleintermediates, are present, a longercolumn and more elaborate gradientisrequired, as previously described (6, 7). If malic acid is present it must first be removed by reactionwith cericsulfate because dihydroorotic and malicacidsare difficult to resolve. Neither dihydroorotic acid nor orotic acid are affected by the ceric sulfate treatment under the conditions we have described.
